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NEW METALLIC STRIP MATERIAL 

The present invention relates to a mettiod of manufecturing a metal oxide coated metal 
strip piodtict in a roll-to-roll process and in particular to a coated metallic substrata 
material suitable for manufiactuiing of thin film devices. This is achieved by producing a 
5 metallic strip with an electrically insulating oxide layer, in accordance ^1h claim 1 . 



BackOToand of the Invention 

Several materials are used as substrate material and are xmder further development for 
tbs production of thin film flexible products. There exist several advantages to use 

1 0 flexible substrate materials, one being tiie possibility of roll-to-roll production 
processes, wliich lead to a more cost efiScient production conq)ared to batch type 
processes. Moreover, the thin film flexible products will have several technical 
advantages, for instance, they may be folded or rolled into compact packages and they 
may be used for making light weight products, which are required for portable^ spatial 

15 and military applications. The common materials used for thm film flexible products 
include, e,g., plastic foils such as polyamide, metallic strips or foils such as stainless 
steel, titanium, copper, molybdenum, aluminum and nickel foils, bearing in mind that 
they all have to fulfil cerjain criteria. Thus, 4e substrate material should be themially 
resistant in order to withstand further process stqps in the production of thin film 

2 0 products, and this may include heat treatments at elevated t^pemtures under corrosive 
atmosphere. However, all tire electrical conducting metalhc strip materials used as 
substrate material fyr the production of thin film flexible products may need to be 
electrically iosulated, if modules with integrated series connections are to be produced. 
' Conventionally, the conducting metallic strip or foil material is coated with oxides such 

: 25 as elnminum oxide or sihcon oxide, \^ch are good electrical insulating oxides, 
y ! / However, these oxide lay^ usually have a large mismatch in the thermal expansion 

m m m 

comparedwiththeundcrlymgmotallicsubstrate.Thus, it is essentia 

• • » 

5 ! : / expansion coefificient (TEC) of the substrate material shoiild be as close as possible to 

• • • 

• „ : ' the TEC of the electrically insulating metal oxide layer(s), in order to avoid fhemial 

30 ciaiddbag or spallation of tbeinsulatii^metdoxid^ 
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The mismatch in thennal eoqpansion (MTE) can be defined as follows: CTECss- 
TECxss^JTBCss whei^ the TECmIs the thermal expansion of the metallic strip substrate 
and TECoxis the thennal expansion of the metal oxide layer. 



Ferritic stainless steels and yttrium-stabilized zirconia (abbreviated YS2J) are two 
materials commonly nsed in the fabrication of Solid Oxide Fael Cells because these two 
materials have an extremely low mismatch in their thermal eoqpansion. However^ the 
YSZ in Solid Oxide Fuel Cells are not in the form of a thin coating but in the form of a 
thin plate, which is used as an electrolyte. 
Common conventionaJ solutions are: 

Depositing the electrically conducting back contact directly onto the metallic 

strip; 

Depositing insulating layers such as aluminum oxide, silicon oxide and siUcon 
nitride onto metal strips. 

Both these solutions have their respective disadvantages. If the conducting back 
contact is directly deposited onto the flexible metal strip subsrtcate, then it will Ihnit the 
production of modules with integrated series connections. Furthermore, the material 
often used as insulating layers, such as AI2O3, Si4N3, SiQx or Si02, have a larger TEC 
mismatch with the underlying metallic strip, which may lead to the formation of cracks 
and pinholes due to heating during the following process steps. In table 1 the thermal 
expansion coefELcients of some insulatiug materials and some steels have been 
summarized. Using the values of the thermal expansions given in Table 1, it is possible 
to calculate the thennal expansion mismatch (MTB) between the metallic strip substrate 
and the insulating coating. In Table 2 the MTE values between some of the steels and 
the listed insulating materials are given. 

It is therefore a primary object of the present invention to provide a zirconium oxide 
coated metallic strip product, where the oxide layer and the metallic strip have a very 
low mismatch in thermal expansion, said product being suitable as a substrate material 
for the production of thin fihn flexible products, such as flexible CuCIh;Ga)Se2 
(abbreviated CIGS) solar cells and solid state thin film batteries. 



•03 12/05 11:21 FAX 46 26 261089 



SANDVI14 PATENT 



PRV EASSAN 



46 26 261089 



1^006/022 

Ink. t f^nt- och rBg.verlffil 
2003 -V2r Q 5 
Huvudfoxin Koiion 



Yet another obdeot of the present invention is to provide aflex&le substrate for thin film 
pioductethat is inexpensive and which may be produced inacontiimous lOil-to-roU 

p^cess. 

^ • Theseandoflierotgectshavebeenattdnedinasuiprisingmaimerbycreati^ 

metallic strip product with the features according to the characterizing clause of daim 1, 
Further preferred embodiments axe defined in the d«?>6ndent clahns. 

10 ]ftrief Descrip <««»" of fl>e Invention 

Thus, the above objects and fbrthcr advantages are achieved by applying a thin 
continuous, uniform, electrically msulating layer of zirconia, the arconiabemg 
stabilized wifli yttrium oxide or any other suitable metal oxide, on the top of a metal 
strip serving as substrate. The absolute composition of the zirconia layer can be tailor- 
15 made so that &e theacmal ejqpansion matches the tiiermal expansion of the chosen 

metallic strip substrate. The zaconia layer should be smooth and dense in order to avoid 
any pinholes, which may otherwise fimotion as pathways for electrical conduction when 
the matMitd is fiirther processed. In order to ensure safe electrical insulation fi»m the 
metal strip substrate, multi-l^ers 0**L) of zirconia canbe deposited. The advantage of a 
20 ML structure is tiiat it will terminate any pinholes or conducting pathways through the 
insulatmg oxide layers. Fnrthacmore, by depositing a continuous uniform daise zirconia 
layer on top of the raetallic substrate, it is easier to control the insulating properties as 
well as Has tiiidmess of the zirconia layer, compared to ft»r instance anodized oxide 
layers on metallic strips. Moreover, tiie zirconia layer will also have an enhanced 
2 5 adhesion to the substrate, m comparison with thermally grown oxide layers. If needed, 
the zirconia layer maybe deposited on both sides of the strip material, in order to totally 
ehnnnate any curling of the coated strip during heat treatments due to a^y small feeroial 

^paonon differences. 
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Purdier, if so required, on top of said zirconia layer may then be deposited a metal layer, 
this £br obtaining abackelectricalcontacLif the final product is a GIGS flexible thin 
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flirn solar cell, then this metal should be molybdenum. However, if the jSnal product is a 
thin film battery, this metal back contact may be aluminum or copper- 



S 

Brief Description of the Drawings 

Figure 1 shows a schematic cross-section of a first embodimmt of the present inventian. 

Figure 2 shows a schematic cross<*$ection of a second embodiment of the present 
invention. 

1 0 Figure 3 shows a schooiatlc cross-section of a third embodimmt of present 
invention. 

Figure 4 shows a schematic cross-section of fourth embodiment of the present 
invention. 



1 5 Figure 5 shows sch^atically a production line for the manufacturing of a coated metal 
strip material according to the invention. 

Detailed Description of the Invention 

20 The Metal Strip to be coated 

The metal strip to be coated can be any metallic strip material with a low thermal 
expansion mismatch with the zirconia coating, preferably a stainless steel and most 
preferably a fexritic chromium steeL Such steel substrate materials are produced by 
ordinary metallmgical steel making with a chromium content of at least 1 0% b.w. 

25 suitably more tibian 14% b.w.^ and most preferably in the range 16 - 25% b.w. Some 

examples of possible steel substrates are grade ASTM 430 with a chromium content of 
16 % b.w., and the Sandvflk grade 0C404 with a chromiimi content of 20 % b.w,, and an 
aluminum content of 5.5 % b.w. The f^ttc strip is hot rolled down to an intermediate 
si2e^ and thereafter cold-roUed in several steps with a number of recrystaUizadon steps 
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between said roUmg steps, until a final thickness md a wjdfli of maxinially 1 000 nun are 
achieved. Another impoitant parameter is the suifece rou^mess of the metal strip, 
which should be as smooth as possible; a Ra value of less than 0^ van is suitable, 
preferably less than 0,1 }Am. The surface of the substrate material is then deaaed in an 
5 £^propriato way to remove all oil residuals from the rolling- The key issue for using a 
fenitic steel is ftiat its ^ennal expansion coefficient (TEC) matches very well with the 
deposited zircoma coating, although other steel types ftdfilling ftds criterion are also 
useful. Thus, it is desirable that the themial expansion mismatdh of the metallic strip 
substrate and the zirconia coating is lower than ± 25% in the temperature range up to 
10 1 000°C. Ftirthemore, fejritic steels have also a very good corrosion resistance to 

withstand the environment in which the final thin film product will work. The physical 
shape of the metallic substrate is a strip or foil with a thickness in the range of 5 to 300 
fim, preferably 10 to 100 jim. 



15 T^e YnsiiU tine Zirconia Lay er 

The electrically insulating zirconia layers should a^ere well to the metallic strip, in 
order to ensure highest possible flexibility of the Umi film product without the ^drconia 
layer flaking off or cracb'ng. This is achieved by careful pre-treatment of the metal strip 
prior to the coating, first by cleaning it in a suitable way to remove all oil residues, etc,, 

2 o which may affect Ae eflSciency of the coating process, and the adhesion and quality of 
the coating. Thereafter, the metal strip is treated by means of an in-line ion assisted 
etching process and, if necessary, a thin bond-coat layer maybe d^osited between the 
metal strip and the zirconia layer. Preferably, the bond-<^oat should consist essentially of 
a metal such as li, Zr, Ni or Cr, to enhance the adhesion of the zirconia layer to tiie 

2 5 substrate. Moreover, the zirconia layer should also be a good electrical insulator in order 
to avoid any electrical connection betwerai the metallic strip and the molybdeuum (or Al 
or Cu) back contact. This can be achieved by depositing a dense and smooth zizconia 
layer to bring about better insulating properties, it possibly being repeated so that multi- 
lajrered stmctures are deposited. The number of individual adiconia layers in a multi- 

2 0 layered structure can be 10 or less, preferably less than S and at best only two layers. As 
mentioned above; a multi-layered zirconia structuxe will terminate any pinholes or 
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electrical pathways through the ovei^ metal oxide layer and ensure good electrical 
iBsulation of the metallic strip. The thickness of each individual ziiconia layer may he 
between 10 mn and 2 ^m, preferably between 0,1 and 1,5 pm. The total thickness of the 
overall zirconia layer may he up to 20 \im, preferably 0,5 to 5 urn. 

The preferred chemical composition oftbe zirconia lay^ is TXh stabilized with YaOa. 
the percentage of Y^O, in Ihe zirconia can be ftom 0 - 25% b.w., preferably 3 - 20% 
b.w.. or most preferably 5 -15% b.w, aHhough other stahiUzing metal oxides are 
feasible (both stoichometric and non-stoichometric). 

De-scription of Back Contact Lsver 

When required, a top conducting metallic layer can be qipUed on top of the insulating 
zirconia layer. Depending on the final thin fihn product, different metals maybe 
deposited, including altnninnm, molybdenum, nickel, cobalt, copper, silver, gold and 
platinum. This metallic top layer should be dense and adhere weU to the tmderiying, 
previously deposited oxide hiyer. The thickness of this metallic layer should be 0,01-5,0 
pm. 

Descri ptioTi of Coating Method 

A broad variety of coating techniqoes may be used as long as they provide a continuous 
unifbrm and adherent layer. These may be techniques such as spraying, Hi^ Velocity 
Oxygen Fuel (HVOF), dipping. Physical V^oi Deposition (PVD), Chemical Vapor 
D^osition (CVD) or any other known technique for applying a fluid gel or powder of a 
Zr-contaming compound on the surface of the ferritic steel, preferably by PVD in aioll- 
to-ioU Hectron Beam Evaporation (SB) process as disclosed in WO 98/08986. If 
necessary, the PVD process can also be plasma-acUvated to achieve even better 
insulating oxide layers. It is also possible to apply the coating in tixe form of afine grain 
powder. The conditions for ^plying and fbnning the zLtconia layer on the suifece may 
have to be deterarinedeatperimentallyfbr each individual case. ThecoatmgwiUbe 
afibcted by fectors such as temperature, time drying, time heating, composition and 
properties, as well as by ihe fertilic steel and the Zr-containing compound. 
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Aaottxer important issue is that tibe metallic strip substrate is cleaned in a proper way to 
remove oil residues etc, from the rolling, which may affect the efficiency of tiie coating 
Xnrocess and the adhesion and quality of the zirconia coating, 

5 

Advantageously, the coating method is integrated in a conventional roll-to-roll strip 
production line. 

Preferred Embodiment of the Invenlion 

1 0 Firstly, the substrate materials are produced by ordinacy metallurgical steel-maldng to a 
chemical composition as described above. Subsequently, they are hot-xolled down to an 
intennediate size, and thereafter cold-xolled in several steps witibi a number of 
recrystallization steps between said rolling steps, until a final fluckness of 0>00S - 0,3 
mm and a width of maximally 1000 mm are achieved. The surface of the substmte 

1 5 material is then cleaned in a proper way to remove all oil residuals fiorh &e rolling. 

In Figure 1 , a typical cross section of a 23rooTiia coated flexible fenitic steel 1 is shown, 
one side of which has been coated with a YSZ layer 3 for the production of tiun film 
products. The substrate material 2 is a flexible fenitic steel strip, which has a thennal 

2 0 expansion nusmatch lower tiian ± 25% with the zirconia coating in the temperature 
range 0-1000 "C- The sur&ce roughness of the fenitic steel strip should be kept as low 
as possible. The thickness of the fenitic steel should be in the range of S - 300 \ixn^ 
preferably 10-100 pm, to ensure good flexibility. 

On top of die sur&ce of the fenitic steel strip 2 is situated an electrically 

2 5 insulating yttrium stabilized zirconia layer 3 deposited in a roll-to-roll process. The 
yttrium stabilized zirconia layer should be well adherent to the metal strips as well as 
dense and smooth. 



30 



In a variation of the above described flexible metallic substrate being coated on one side 
only with also the other side of themetaUic strip maybe coated widi YSZ, to 
produce a product 4, which is illustrated in Figure 2. In the Figure 2, the substrate 
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material 2 has been coated on both sides with YSZ 3 and the two YSZ layers 3 should 
have the same thickness to achieve atotal elimination of any thennal defonnation of the 
coated Strip due to the YSZ coatings in finthw process steps. 

5 According to a fbrfher variation of the invention, the strq) product 5 consistB of a 
flexible metallic strip 2 coated with a multi-layer structure 6 of YSZ, as iUnstrated in 
Figure 3. The nunfter of individual adrconia layers in the multi-layered structure 6 can 
be 10 or less, preferably less than 5 and at best only two layers. As mentioned before^ a 
multi-lay^d zirconia stnicture will terminate any pinholes or electrical pathways 
1 0 through the overall metal oxide layer and ensure gpod electrical insulation of the 

metallic strip. The thickness of each individual zircoraa layer maybe between 10 run 
and up to 2 jim, preferably between 0,1 and 1,5 \im. The total thickness of the ov^all 
zirconiiun oxide layer may be up to 20 pm, preferably 1 to 5 ^m. 

15 In order to a:eate a conducting bade contact for the production of fliin film products, a 
metal layer 7 can be dq)osited on top of the electrically insulated, YS2^coated (8) 
ferritic steel strip 2, as illustrated in Figure 4. Dqsending on the final thin fihn product, 
ihe metal layer 7 can consist of dif&rent metals, iiscludrng aluminum, molybdenum, 
nickel, cobalt, copper, silver, gold and platinum; ttie prefenred metal being aluminum, 

2 0 molybdenum, silver and/or copper, or alloys consisting mainly of molybdoxum. The 
metal layer 7 should be dense and well adherent to the zirconia coating to avoid 
cracking or spallation. Furthermore, the metal layer 7 should have a thidsness of 
between 0,1 - 5 preferably 0,2 - 2 \mi, and most preferably around 0,5 una- 



2 5 The rolI-to-Toll electron beam evaporation process is illustrated in Figure 5. This process 

is well known for the skilled man and is, e.g., comprdiensively described in tiie book 
Electron Beam Technology by Siegfried Schiller, Ulkidi Heisig and Siegfiied Panzer, 
Verlag Tedmik GmbH Berlin 1995. ISBN 3-341-01 153-6, hereby incorporated into the 
present disclosure by this referrace. The first part of such a production line is the 

3 0 uncoiler 9 witiun a vacuum chamber 10, then the in-haoe ion assisted etching chamber 

1 1, fbllowed by a series of EB evaporation chambers 12, the number of £B evaporation 
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chambesrs needed can vary from 1 up to 10 chambers, this to achieve the wanted malti- 
Is^red metal oxide structure. All the metal oxide EB evaporation chambers 12 are 
equipped with EB guns 13 and cmd9>le5 14 for the evaporation« The following chaiDber 
is a s^arate chamber IS fyr the EB evaporation of ametal top layer, this chamb^ is 
also equipped wifli an EB gun 16 and a crucible 17 for the metal melt The need for a 
sq>arate EB evaporation chamber for the metal top layer can be excluded if only metal 
oxide coated strips are to be produced. After this chamber comes the exit vacuum 
chamber 1 8 and tiic rccoiler 1 9 for the coated strip material, tihe recoiler being located 
ivifhin vacuum charnber 18* Hie vacuum chambers 10 and 1 8 may also be replaced by 
an entrance vacuum lock system and an ^t vacuum lock system, respectively, hi tiie 
latter case, the uncoils 9 and the coiler 19 are placed in the open air. 



Table 1. 



Material 


Temperatme Range 


Thennal Expansion 


Si3N4(D) 


25-1000 K 


2.9x10^ K-' 


Si3N4(n) 


25-1000 K 


2^x10-* k:* 


AlsOs (polyciyst) 


0-1027 °C 


8.12x10-* K" 


TiOz Opolyciyst.) 


25-1000 "C 


8.83x10^ k:* 


SiOa (vitieous) 


25-1000 "C 


0^564x10"* K:> 


YSZ 


25-1000 "C 


llxlO-'K' 


FejoCrjo 


25-1000 "C 


13.5x10"° 




25-1000 "C 


n.OxlO-" K" 


Sandvik giade 0C44 


30-900 'C 


11.10x10'*K:' 


ASTM430 


30-900 "C 


12.05x10-^ K"' 


Stl.4016 


25-1000 "C 


13.2x10"* K-> 


Stl.4742 


25-1000 «C 


14.3x10"* K' 


Stl.4749 


25-1000 "C 


13.7x10-* K^' 
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Table 2 



Steel 


IhsulatuigliQrer 


Calculated MIE (%) 


Stl.4016 


SiOs 


95.7% 


Stl.4016 


Si3N4(D) 


78% 


Stl.4016 


AI2O3 


38% 


Stl.4016 


TiOa 


33% 


Stl.4016 


YSZ 


16.7% 


FegoCrao 


Si02 


96% 


FeBod!20 




78.5% 


FesoCx^o 




40% 


F^Ctio 


noz 


35% 


Fe8oCr2o 


YSZ 


19% 


0C44 


SiQz 


95% 


0C44 


SisNiCQ) 


74% 


0C44 


AI2O3 


27% 


0C44 


TiOa 


20% 


0C44 


YSZ 


1% 


Stl.4742 


SiOa 


80% 


Stl.4742 


Si3N4(0) 


96% 


Stl.4742 


A1203 


43% 


Stl.4742 


TiOz 


38% 


Stl.4742 


YSZ 


23% 
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CLAIMS 

1. A metallic strip product compxising a metallic strip material (2), characterized in 
tfiat said strip material has a coating (3; 6; 8) con^rismg an electrically insulating layer 

5 ofziiconia. 

2. Coated strip pioduct according to claim 1^ characterixed In that said coating and 
strip material have a themial expansion mismatch of less than ± 25% where the fhmnal 
eaqpansion mismatch is defined as: 

10 

CTECfis- TBCo^/TEQb» 

where the TEC^ is tiie thennal expansion of said strip material and TECoxis the themial 
expansion of said zirconia-containing coating. 

15 

3. Coated strip product accozding to claim 1 or 2, characterized In that the strip 
material has a thickness of 5 to 300 fxm, preferably 10 to 100 p.m. 

4. Coated strip product according to claim 1, 2 or 3, characterized in that a ferritic 
2 0 chromium strip steel material is used as the metallic strip material to be coated. 

5. Coated strip product according to claim 4, chaiacteri:^ in that said ferritic chiomiuxn 
strip steel material has a chromium content of at least 10% b.w., suil^ly at least 14% 
b.w., and preferably in the range 16 - 25%b.w. 

I 25 ' 

' " - 6. Coated strip product according to any of claims 1 to 5, characterized In that flie 

electrically insulating layer comprises at least one zirconia layer (3; 6; 8) deposited on 
one or both sides of the metallic strip materiaL 
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7. Coated strip product according to any of claims 1 to 6, characterized tn that the 
metal oxide layer consists essentially of zirconium oxide, ZxOz- 
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8. Coated strip product according to any of claims 1 to 7, characterized ia that the 
metal oxide layer consists essentially of stabilized zircoma, preferably yttrium stabilized 
zirconia (YS^ with a percentage of YaOs in Ae range ftom 0 - 25% b.w. of said layer, 
suitably 3 - 20% b,-w., preferably 5 -15% b.w. 

9. Coated strip prodiict according to any of the preceding claims, characterized fn that 
the thickness of the stabilized zirconia is between 0^1 and 20 |im, preferably between 
0,S and 5 \iaL 

10. Coated strip product according to any of the preceding daims, characterized In 
that between the stabilized zircaaia l^er and the metallic strip materia] a -diin layer of a 
bond-coat is deposited, preferably a bond-coat of a metal such as Ti, Zr^ Ni cw Cr, to 
enhance the adhesion of the zirconia layer to the substrate. 

1 1 . Coated strip product according to any of the preceding claims, characterized in 
ttiat on top of the electrically insulatiug stabilized tirconia layer a conducting metal 
layer is deposited, the metal layer consisting preferably of one of tibe following metals: 
aluminum, molybdenum, nickel, cobalt, copper, silver, gold and platinum, most 
preferably aluminum, molj^dmum, silver or copper. 

12. Coated strip product according to claun 1 1, characterized In that tiie metal top 
Isj^r has a thicloaess of between 0,01 and 5 ^m. 

13. Coated strip product according to any of the preceding claims characterized In, that 
the electrically insulating layerCs) is/are deposited by any known deposition technique, 
including different spray techniques such as HVOF^ pla«na spraying, as well as vapor 
deposition techniques such as Chemical Vapor Deposition (CVD), Physical Vapor 
Deposition (PVD), dipping techniques, sol«-gel techniques, preferably YVD in a roll-to- 
roll electron beam (EB) evsqporation process. 
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14. Coated strip product accordiug to any of the preceding claims, characterized in 
that it is suitable as substrate material for the production of flexible thin film products 
such as flexible CuOED,Ga)S^ (CIGS) solar cells and solid state fliin film batteries. 



5 15. Coated strip pioduct according to claim 14, characterized in that it is used as 
substrate material for the production of flexible thin film Cu(In,Ga>Se2 (CIGS) solar 
cells, the conducting metal layer deposited on top of tte electrically insulating stabilized 
zirconia layer being essentially molybdenum. 

10 16. Coated strip product according to claim 14, characterized in that it is used as 
substrate material for the production of solid state thin film batteries, the conducting 
metal layer deposited on top of the electrically insulating stabilized zirconia layer being 
essentially copper and/or aluminum. 
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ABSTRACT 



A flexible metallic strip product comprises a feiritic chiomimn strip steel material (2) 
having a coating (3; 6; 8) of an electrically insulating layer of zirconia stabilized with 
5 yttrium, said coating being intended to receive a second coating (7) comprising an 
electrically conducting layer. This coating has turned out to be efficient as an 
electrically insulating layer in flexible solar cells and solid state fhia film batteries 
because it has practicaUy the same th^mal expansion coefBdent as tire steel substrate. 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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